Study design: This is a systematic literature review. Objectives: The objectives of this study were to investigate, first, the proportion of spinal cord injury (SCI) caused by suicidal behaviour; second, the proportion of deaths in the SCI population caused by suicide; and third, the risk factors associated with suicidal behaviour. Setting: This study was conducted in the UK. Methods: AMED, EMBASE, HMIC, BNI, Medline, PsycInfo, CINAHL and HEALTH BUSINESS ELITE were searched between January and February 2016, identifying a total of 404 articles published between 1990 and 2016. Full articles, written in English, looking at suicide before and after SCI were selected. On the basis of the inclusion criteria, 22 relevant articles were included in this literature review. Results: Studies reported that between 0 and 6.8% of individuals with SCI had acquired their injury as a result of attempted suicide. The predominant method used in these attempts was deliberate falling/jumping from buildings and bridges. Suicidal behaviour post SCI was frequently reported as a cause of death; studies reported that between 5.8 and 11% of deaths were a result of suicide. The predominant methods used were gunshot and overdose. Psychiatric diagnoses were identified to be a major risk factor for suicidal behaviour. Conclusion: Individuals with SCI are at risk of attempting suicide; this risk is increased by the presence of a psychiatric diagnosis. There is a crucial need for risk assessment and psychological intervention for individuals with mental health issues following SCI. Spinal Cord (2017) 55, 2-7; doi:10.1038/sc.2016.135; published online 27 September 2016 INTRODUCTION Suicidal behaviour refers to the incidence of attempted suicide with some intent to end one's own life. 1 The cost of suicidal behaviour is high, not only to the individual but also to the mental, physical and emotional state of their family and friends, as well as impacting on public resources. 2 Individuals with spinal cord injury (SCI) have been reported to be at an increased risk of suicide compared with the general population; 3 however, different studies have suggested differing levels of risk. It is therefore important to explore this risk further and explore the factors that can increase this risk. Assessing the risk of suicide associated with SCI is a complex issue; many SCIs are caused by dangerous risk-taking behaviour, or strenuous physical activity. It is suggested that these individuals, in particular, are at increased risk of impulsive, dangerous, self-harming or suicidal behaviours irrespective of the consequence of their injury. 4 However, this theory of pre-existing increased risk cannot apply to all individuals with SCI, and examining other risk factors is necessary. There is also an increased risk of suicidal behaviour post SCI as a consequence of the sudden impact of the injury and its associated impact on emotions and psychological well-being.
INTRODUCTION
Suicidal behaviour refers to the incidence of attempted suicide with some intent to end one's own life. 1 The cost of suicidal behaviour is high, not only to the individual but also to the mental, physical and emotional state of their family and friends, as well as impacting on public resources. 2 Individuals with spinal cord injury (SCI) have been reported to be at an increased risk of suicide compared with the general population; 3 however, different studies have suggested differing levels of risk. It is therefore important to explore this risk further and explore the factors that can increase this risk. Assessing the risk of suicide associated with SCI is a complex issue; many SCIs are caused by dangerous risk-taking behaviour, or strenuous physical activity. It is suggested that these individuals, in particular, are at increased risk of impulsive, dangerous, self-harming or suicidal behaviours irrespective of the consequence of their injury. 4 However, this theory of pre-existing increased risk cannot apply to all individuals with SCI, and examining other risk factors is necessary. There is also an increased risk of suicidal behaviour post SCI as a consequence of the sudden impact of the injury and its associated impact on emotions and psychological well-being.
This literature review aims to investigate, first, the proportion of SCI caused by suicidal behaviour; second, the proportion of deaths in the SCI population caused by suicide; and third, the risk factors associated with suicidal behaviour. Exploring suicidal behaviour before SCI enables the identification of risk factors for SCI, and can inform future research and clinical practice. In addition, previous research has suggested that earlier attempted suicides increase the risk of later successful attempts. 5 Suicide has been described by Berman et al. 4 as a 'complex entity, involving biological, genetic and environmental risk factors.'(p.4)'. Our literature review aims to explore these factors in detail, specifying the factors associated with increased suicidal risk. In reviewing the current literature, trends can be identified that may provide guidance to required intervention for individuals with SCI.
MATERIALS AND METHODS

Search strategy
Electronic searches were conducted between January and February, 2016. The following databases were searched: AMED, EMBASE, HMIC, BNI, Medline, PsycInfo, CINAHL and HEALTH BUSINESS ELITE. The Cochrane database was also searched for existing relevant literature reviews, but none were found. The key words used to search the database were as follows: (spinal AND cord AND injury) OR (SCI) OR (spinal AND injur*)) AND (suicide) OR (selfharm) OR (suicidal). These search terms were identified in either the title or the abstract of journal articles in each database. A total of 404 results were found. Titles and abstracts were screened of each article to identify whether it was relevant; this identified 81 articles. Full texts of the identified articles were then viewed to identify studies relevant to the current literature review. Reference lists of relevant articles were scanned to identify additional relevant papers. Papers published between 1990 and 2016 in English were included in this review. If full texts were unavailable or only conference abstracts could be accessed, these studies were disregarded. This search resulted in a total of 22 relevant articles being identified to include in this literature review (Figure 1 ).
RESULTS
Twenty-two articles published between 1990 and 2016 were included in this literature review. The articles explored suicide in relation to SCI, investigating SCI caused by suicidal behaviour, the occurrence of suicide post SCI and the risk factors that are presented with suicidal behaviour in individuals with SCI. Results section will be shaped under the following headings:
1. Suicidal behaviour as a cause of SCI. 2. The occurrence of suicidal behaviour post SCI. 3. Risk factors associated with an increased possibility of suicidal behaviour post SCI.
Suicide as a cause of SCI Ten studies looked at suicidal behaviour as a cause of SCI, of which nine studies reported the percentage of the given sample population who acquired their injury as a result of suicidal behaviour. As shown in Method of suicide attempt. Falling was commonly reported as the most frequently used method of suicidal behaviour; 85-98% of suicide attempts reported in the included studies were by 'falling' from windows or buildings. Stanford et al. 8 reported that 98% of suicide attempts reported in their study were as a result of falling, and 2% as a result of gunshot injury. Kennedy et al. 7 reported that 85% of suicide attempts in their sample were by falling. Papadakis et al. 16 specified that 91% of suicide attempts were by falling from a building, 3% by falling from a window, 3% by falling from a bridge and 3% by falling inside the house. Anderson and Allan 15 reported that 95% of suicide attempts were by falling, of which 63% occurred in a residential setting and 23% on bridges. Biering-Sorensen et al. 9 reported that 84% of suicide attempts were caused by jumping from buildings. It should be noted that, although most studies report 'falling' as the method of suicide attempt, it is interpreted as being of an intentional nature.
Suicide post SCI
Ten studies examining suicide post SCI were identified. Six studies explored suicide as a cause of death and reported the proportion of deaths by suicide in their SCI sample. Two of the studies explored the Figure 1 Flow diagram illustrating the selection process for the relevant studies included in this literature review. 6 A full color version of this figure is available at the Spinal Cord journal online.
Self-harm and suicide before and after SCI P Kennedy and L Garmon-Jones presence of suicidal ideation and attempts at suicide post SCI. Three studies reported the method of suicide that was used.
Suicide as a cause of death post SCI. Six studies included in this review identified suicide as a cause of death following SCI. The number of deaths within SCI samples ranged between 100 and 489 individuals. These deaths were studied to identify the proportion that occurred as a result of suicide. Between 5.8 and 11% of deaths were as a result of suicide (Table 2) .
Suicidal ideation post SCI. Nam et al. 24 explored suicidal ideation in a sample of 368 individuals with SCI and in a matched control group of 1104 individuals without SCI. Suicidal ideation was found in 35% of the SCI group and in 10% of the non-SCI control group. Among these, 17% of the SCI group had previously attempted suicide, whereas 9% of individuals in the non-SCI group had previously attempted suicide. Kishi et al. 25 studied a sample of 60 people with SCI, and found that in an initial evaluation 13% had a suicide plan. At 3 months' follow-up, 47 people with SCI were interviewed; 11% had a suicide plan, of which 2 individuals had been suicidal at the initial evaluation. At 6 months' follow up, 32 people with SCI were interviewed, of which 13% reported suicide plans, all of whom had been suicidal during the initial evaluation, indicating no new cases.
Method of suicide used post SCI. DeVivo et al. 22 reported gunshot as the most common method of suicide (50%), followed by overdose (16%), cutting (10%), suffocation (6%), drowning (6%), falls from heights (4%) and 8% unspecified. Similarly, Charlifue and Gerhart 21 also reported firearms as the leading cause of suicide in their sample (55%), followed by overdose (21%), hanging (7%) and jumping off a building (5%). In contrast, Hartkopp et al. 20 reported overdose as the most common method (48%), followed by drowning (22%), hanging Self-harm and suicide before and after SCI P Kennedy and L Garmon-Jones (17%), train (4%), shooting (4%) and fall (4%). In a study of six SCI cases who committed suicide, one was from a suicide/homicide pact with a close friend, one from a gunshot, one as a result of electrocution, one from an overdose, one from an explosion and one unspecified. 26 The availability of access to firearms is a likely explanation for the difference between Europe and the USA.
Risk factors associated with suicidal behaviour post SCI Psychiatric disorders. A large proportion of the literature indicated that psychiatric disorders are significant risk factors for suicidal behaviour both before and after SCI.
Psychiatric disorders before SCI. Psychiatric diagnoses in those who had acquired their SCI following a suicide attempt were reported in a number of studies. Kennedy et al. 7 demonstrated that a diagnosis of schizophrenia was present in 33% and depression was reported in 27% of their sample of suicide attempts resulting in SCI. Stanford et al. 8 reported that, of their sample, 48% had a personality disorder, 29% had schizophrenia, 25% had major depression, 18% had chronic alcohol abuse, 18% had a mood disorder, 5% had bipolar disorder, 2% had schizoaffective disorder and chronic substance abuse was reported in 18%. Papadakis et al. 16 reported that 38% of their sample had a diagnosis of schizophrenia, 25% had depression, 9% had reported history of alcohol/drug abuse, 3% had a personality disorder, 3% were bipolar and 3% had a psychiatric diagnosis not specified. Biering-Sørensen et al. 9 reported that 62% of their sample had previously been hospitalised due to psychiatric issues. Finally, Anderson and Allan 15 reported that 82% of their sample had preexisting mental health issues, and 24% had diagnoses established post SCI.
Suicide post SCI. In a study of six individuals who committed suicide post SCI, five of the six individuals had developed moderate to severe depression as inpatients. It was also found that schizoid and narcissistic personality traits were present, as well as a history of alcohol/drug abuse. 26 Hartkopp et al. 20 reported that 34.8% of their suicidal SCI sample had a psychiatric diagnosis, compared with only 7.6% in the natural death group. McCullumsmith et al. 27 reported that, of those with a history of suicide attempts, 7% had received treatment for schizophrenia and 15% for bipolar disorder. It was also noted that 62% had taken medication for the treatment of depression. Looking at the characteristics of individuals with SCI who committed suicide, 14% of individuals had a psychiatric history before injury and 12% after injury. 21 Previous suicide attempts. Suicide attempts before an attempt that resulted in SCI injury appeared to be common, with proportions of previous suicide attempt being highlighted in studies as follows: 23% (Stanford et al. 8 ), 23% (Kennedy et al. 7 ), and 31% (Biering-Sorensen et al. 9 ). McCullumsith et al. 27 found that 64% of their SCI sample had made a suicide attempt before their injury, 47% after and 6% both before and after.
Employment. Before SCI. Employment was reported as a potential risk factor in a number of studies. Of those who acquired their injury as a result of attempted suicide, Kennedy et al. 7 reported that 42.3% were employed, Papadakis et al. 16 reported an employment rate of 41% and Biering-Sorensen et al. 9 reported unemployment in 62% of their sample; this included those receiving early pension.
Post SCI. Observing employment rates in individuals with a spinal cord injury, it was reported that 58% of participants were pensioned owing to physical disability. 28 It was suggested that possible isolation as a consequence of being unemployed could impair social integration and psychological well-being.
Level of injury. Suicide was found to be more common among patients with paraplegic injuries in four studies. Hagen et al. 18 reported that 70% of the sample who committed suicide had a thoracolumbosacral injury. In the study by DeVivo et al, 22 60% of suicides occurred among people with paraplegia. Ahoniemi et al. 17 reported that 17% of males and 27% of females with paraplegia died as a result of suicide compared with 5.8% of males and 0% of females with tetraplegia. Cao et al. 3 also reported suicide to occur more among people with paraplegia, reporting an odds ratio of 1.72. However, conflicting with this suggestion, Thietje et al. 19 found that 82% of the individuals who had committed suicide had tetraplegia. Exploring the influence of completeness of injury, McCullumsmith et al. 27 reported higher suicide rates in complete paraplegia injuries of 36% when compared with 22% incomplete paraplegia injuries. However, Hartkopp et al. 20 found no difference between functional group or level of lesion and suicide rate.
Gender
Two studies suggested that women are at a higher risk of committing suicide. 18, 24 In the study by Hagen et al., 18 cause-specific standardised mortality rate for suicide was 3.7 in males and 37.6 in females. Nam et al. 24 reported female gender to be a significant risk factor for suicidal ideation, with an odds ratio of 3.7. However, interestingly, in one study, all those who committed suicide were male. 23 Nevertheless, owing to the small sample size, it is not possible to suggest this as a significant risk.
DISCUSSION
Summary of findings
The findings of this literature review suggest that suicidal behaviour accounts for a small percentage of those acquiring an SCI. The predominant method used in these attempts is deliberate falling/ jumping from windows, buildings and bridges. Suicidal behaviour post SCI is frequently reported as a cause of death; the predominant methods reported are gunshot and overdose contrasting with the methods used before SCI in the USA and in Europe. This difference in method may be a result of access issues with access to guns and physical access into high buildings. In any case, when conducting a risk assessment access to firearms, drugs/medication and heights need to be explored. Psychiatric diagnosis is commonly reported as a prominent risk factor for suicidal behaviour both before and after SCI − in particular, schizophrenia, personality disorder and depression. These findings highlight the need for effective psychological and psychiatric assessment and intervention for those with mental health issues to reduce the risk of suicidal behaviour. It also suggests the importance of risk assessment both during and after rehabilitation, especially for those individuals who have previously attempted suicide. Previous suicide attempts place individuals at higher risk of re-attempting. 5 The findings of the current review support this. [7] [8] [9] 27 Other risk factors highlighted in this review included employment status and level of injury. High levels of unemployment have been found in studies of individuals who have attempted suicide. 7, 9, 16, 28 As suggested, isolation caused by unemployment may impair social integration and psychological well-being and therefore increase the risk of suicidal behaviour. 28 Level of injury as a risk factor is portrayed by conflicting findings. Although there are findings suggesting that individuals with paraplegia are at higher risk, 3, 17, 18, 22 there are also findings that suggest that individuals with tetraplegia are as well. 19 In addition, one study reported no difference between differing levels of injury. 24 It is therefore not possible to draw an accurate conclusion from these findings. However, one suggestion is that isolation may have a role in increasing the risk of suicidal behaviour. It is suggested that individuals with higher level, more complete injuries require more assistance, and therefore are not as isolated as those individuals with lower level, more incomplete injuries who need less support and therefore may become isolated. Therefore, social isolation is a possible risk factor, which requires attention.
Critique of literature Implications for research. This literature review highlights the need for more data on the incidence rate of suicide attempts both before and after SCI. In addition, more detailed information on the causes of death post SCI and further psychological autopsies, similar to Kewman and Tate's, 29 could increase our understanding regarding suicide risk in SCI. This review highlights that information regarding the level and grade of injury is not clearly presented across research in this specific area. In identifying these data, it could be possible to further explore the nature of injury as a risk factor, and tailor specific interventions for individuals with different injuries to increase effectiveness.
Implications for clinical practice. The clinical implications of this review highlight a need for risk assessment throughout rehabilitation and continuing post discharge. Services should have risk assessment policies for suicide and self-harm for mental health staff. Guidelines for assessment of risk, note taking and monitoring should also be available for all clinical staff. Findings suggest that individuals with SCI are at highest risk in the years immediately following injury; therefore, it is particularly important to monitor and ensure support is available in the first years after discharge. Mental health in general should also be monitored. Psychiatric disorders have been reported as one of the main risk factors for suicide attempt. Combining our research findings with insight from clinical experience, the main risk factors identified for suicide in spinal cord injury include history of mental illness, substance abuse, traumatic experiences, previous suicide attempts, excessive threat perceptions, limited social support, family fragmentation, easy access to means, sleep disturbance and poor access to psychological support in the community. However, it is not only important to consider the management of risk factors but also the promotion of protective factors, to decrease the risk of suicidal behaviour in individuals with SCI. The important protective factors that have been concluded from both research and clinical experience include sense of control; acceptance and hope; personal resilience; quality social support; relational commitments; purpose in life; ability to perceive injury as a challenge, rather than a threat; engagement and social participation and access to responsive support systems. It is important that risk factors are considered and managed, and protective factors receive sufficient attention and encouragement when working with individuals with SCI.
Critique of the literature review. This literature review highlights the issue of suicide in SCI, providing useful information regarding risk factors for suicidal behaviour both before and after injury. However, one issue that has arisen from this review is that it does not appear possible to gain an accurate general prevalence rate for suicide following SCI, as indicated by differing reported rates. Owing to the nature of suicide, it is not always specified as the cause of death. 30 In some cases it is not possible to confirm that a death was solely as a result of a suicide attempt, or identify the individual's intentions when such an event occurred. In addition, it is possible that the suicide rate is higher than reported, as often this may be reported as an accident, for example. In addition, relevant and useful data such as age, gender, level of injury and socioeconomic factors are not clearly specified across all studies. This makes it challenging to draw conclusions with regard to individuals who may be at a higher risk than others depending on their level of injury, for example. More specific, detailed data on individuals included in such studies would allow for more in-depth analysis of such factors.
CONCLUSION
In conclusion, we have reviewed the literature exploring suicide before and after SCI, indicating incidence rates and risk factors for suicide attempts. Although it is not possible to be very precise, we conclude that the suicide accounts for between 4 and 11% of deaths following SCI. The main risk factor associated with suicide in SCI is the presence of psychiatric disorders, highlighting a crucial need for risk assessment and psychological intervention for mental health issues following injury. Further research is needed to provide more specific data on other risk factors that may contribute to suicide in SCI.
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